Background: Medical education is rapidly evolving. Students enter medical school with a high level of technological literacy and an expectation for instructional variety in the curriculum. In response, many medical schools now incorporate technology-enhanced active learning and multimedia education applications. Education games, medical mobile applications, and virtual patient simulations are together termed gamified training platforms.
landscape of resources, including those designed specifically for osteopathic medical training, we hope to identify a body of gamified learning resources useful as a foundation for an expanding, sharable resource archive of new media.
Methods
We searched the available literature for scientific evaluations, reviews, and rigorous validation studies of gamified training platforms for medical education. Platforms were defined as follows:
■ Electronic games are "instructional method [s] requiring the learner to participate in a competitive activity with preset rules" 11(p16) presented in electronic formats.
■ Medical mobile applications are medical software applications used on handheld devices such as personal digital assistants, cell phones, or tablet devices. Mobile applications are increasingly used by clinicians as part of medical practice. 12 We included those applications particularly useful during training exercises.
■ Virtual patient simulations are interactive computer simulations of real-life clinical scenarios for medical training, education, or assessment. 13 These learning exercises provide "situated learning," 14 a process whereby trainees gain orientation to a professional culture by participating in activities of the practice through a limited, mentored apprenticeship, gradually assuming responsibility over time.
To identify education advantages of gamified training platforms, we used a landscape review methodology used by education innovators to describe the large picture and current products available. 15 The present study drew upon a range of publicly available literature, including independent research, published systematic re- health care training. 5, 6 To meet the needs of the Internet generation, 4 Educational games, mobile applications, and electronic simulations may be useful for this generation of medical students.
8,10
The current review is a descriptive study of current gaming resources available for use in medical education. Using the review techniques described, pilot studies or innovations were also identified. These sources were journal articles that described the development of new media for health care training, but the software or hardware platforms were not commercially available. These types of articles were included to provide a thorough landscape review and a glimpse into possibilities for the future.
Results
The field of gamification for medical education is innovative and dynamic. Publication and rigorous validation studies are not yet available for many gamified training platforms. 16 In the following sections, we identify potential educational advantages and published literature to support these advantages, as well as detail major published gamified training resources for medical education.
Platforms are categorized and described briefly, and hyperlinks are provided in electronic versions of this article when available.
Potential Education Advantages of Gamified Training Platforms
Games, mobile applications, and virtual patient simulations can be used in medical curricula to promote learning, 11, [17] [18] [19] Games that were not electronic or that were specific to 1 medical specialty were excluded. We focused on games that were identified as useful for preclinical or general clinical training. Although mobile reference ma-
Learning Outcomes
Rigorous research regarding the effectiveness of games, simulations, and mobile applications for health care learning is still in its infancy. Akl et al 11 state, "The available evidence to date neither confirm nor refute the utility of educational games as an effective teaching strategy for medical students. There is a need for additional and better-designed studies to assess the effectiveness of these games." Several systematic reviews of educational Challenges also exist with obtaining large enough sample sizes, 23 survey fatigue, 30 and the time it takes to conduct pilot studies and subsequently refine criterion variables. 
Real-World Application
Games and virtual patient simulations may be designed to allow students to solve real-world problems. [40] [41] [42] [43] Contextualizing patient case practice allows students to safely apply medical theory to a specific instance, sometimes mediated by a mentor. 14, 37 For example, video games set in virtual worlds present realistic challenges, [43] [44] [45] which align with the notion of "authentic learning" that is deemed useful for practicing real-life decision making. 4 This approach is intended to enhance the realism and relevance of a lesson.
Clinical Decision Making
Medical students require ample deliberate practice in clinical reasoning. 46 Learning exercises that engender in- 35 Cognitive scientists conclude that games should be fast 32 and should include an element of unpredictability.
An absence of predictability activates distributed attention, leading to errors that indicate that adjustments in students' behaviors are needed. 35 
Enhanced Collaboration
Games and simulations offer opportunities to practice working as part of a team. 23 These skills are necessary for health care delivery in the future. 36 Education experts assert students scaffold more knowledge through discussions and activities with instructors and other classmates. 37 Games for social and cooperative play are based on interaction with other players in a social setting, requiring teamwork or competition. care game or simulation, the player must refer to instruction panels and information links to make decisions and succeed in treating a patient. Medical educators can use these learning affordances and menus to store copious learning content or enrichment links.
Major Published Gamified Training Platforms
Gamified training platforms can be used in the classroom or individually by students, residents, interns, fellows, and practicing providers of all levels. Platforms we identified through this review are described and characterized as appropriate for preclinical or clinical training. Electronic versions of the tables contain hyperlinks to commercially available resources when available.
Preclinical Training
Gamified training platforms that we identified for preclinical training included 5 electronic games (some with audience response systems 20 and some accessed online) and 4 mobile applications. 62 Medical educators may be able to leverage greater student involveprevious generation. 7 In the future, more emphasis will be on creative production of collaborative, multimedia projects. 7 Therefore, it makes sense to consider involving students in the selection and design of tools to stimulate Further, games, mobile applications, and virtual patient simulations have all been shown to promote engagement and to offer opportunities for deliberate practice in clinical reasoning. The portfolio of available resources is continuously expanding. The archive of hyperlinked tools provided in this review can serve as a resource for medical educators and students. We hope this article will inspire experimentation, stimulate discussions on crossplatform integration, and lay the groundwork for designing an extensive resource website or database useful to health care practitioners of all levels-students, residents, fellows, and practicing providers.
